We report on the search for new eclipsing white dwarf plus main-sequence (WDMS) binaries in the light curves of the Catalina surveys. We use a colour selected list of almost 2000 candidate WDMS systems from the Sloan Digital Sky Survey, specifically designed to identify WDMS systems with cool white dwarfs and/or early M type main-sequence stars. We identify a total of 17 eclipsing systems, 14 of which are new discoveries. We also find 3 candidate eclipsing systems, 2 main-sequence eclipsing binaries and 22 non-eclipsing close binaries. Our newly discovered systems generally have optical fluxes dominated by the main-sequence components, which have earlier spectral types than the majority of previously discovered eclipsing systems. We find a large number of ellipsoidally variable binaries with similar periods, near 4 hours, and spectral types M2-3, which are very close to Roche-lobe filling. We also find that the fraction of eclipsing systems is lower than found in previous studies and likely reflects a lower close binary fraction among WDMS binaries with early M-type mainsequence stars due to their enhanced angular momentum loss compared to fully convective late M type stars, hence causing them to become cataclysmic variables quicker and disappear from the WDMS sample. Our systems bring the total number of known detached, eclipsing WDMS binaries to 71.
spectroscopically observed within SDSS has reached 2316 as of data release 8 (Rebassa-Mansergas et al. 2013a) , with an additional 227 recently discovered in data release 9 (Li et al. 2014) . From this large sample more than 200 close PCEB systems have been identified Parsons et al. 2013b ). These systems have been used to investigate many aspects of close binary evolution, such as disrupted magnetic braking , the common envelope efficiency (Zorotovic et al. 2010) , the origin of low-mass white dwarfs (Rebassa-Mansergas et al. 2011) and activity in rapidly rotating M dwarfs (Rebassa-Mansergas et al. 2013b) . Additional surveys are also adding to these numbers (e.g. the LAMOST surveys, Ren et al. 2014) . However, one limitation of the SDSS WDMS sample is that it is biased towards systems containing M dwarf stars with late spectral types and relatively hot white dwarfs. This is because the white dwarfs in these systems contribute a relatively large fraction of the optical flux, thus making their spectral features visible (hence easier to detect) and altering the colours of the objects sufficiently to move them well off the main-sequence, hence making these types of WDMS systems easier to identify. Moreover, the similar colours of WDMS of this type to quasars, which were specifically targeted within the SDSS spectroscopic survey, meant that these systems are overrepresented within the spectroscopic sample. WDMS binaries containing early-M or more massive main-sequence components and cooler white dwarfs generally have optical fluxes dominated by the main-sequence star making their identification as WDMS systems difficult, although 251 systems of this type were identified within the Sloan Extension for Galactic Understanding and Exploration (SEGUE) survey (Rebassa-Mansergas et al. 2012) .
Eclipsing PCEBs are particularly useful since the eclipse allows us to directly measure the physical parameters of the binary virtually independent of model atmosphere calculations and hence test mass-radius relationships (Parsons et al. 2010a (Parsons et al. , 2012a Pyrzas et al. 2012; Littlefair et al. 2014) . Moreover, the sharp white dwarf eclipse features lead to extremely precise timing measurements and have led to the discovery of quasi-sinusoidal variations in the eclipse arrival times of many of these systems (Parsons et al. 2010b; Backhaus et al. 2012 ) which, in some cases, have been interpreted as the gravitational influence of circumbinary planets (Beuermann et al. 2010 (Beuermann et al. , 2012a Marsh et al. 2014) .
Recently Rebassa-Mansergas et al. (2013a) used a photometric selection criteria specifically designed to target WDMS systems in the SDSS dominated by the contribution from the main-sequence star, hence systems containing early type M dwarfs and/or cool white dwarfs. In this paper we combine this photometric catalogue with data from the Catalina Sky Survey (CSS) and Catalina Real Time Transient Survey (CRTS; Drake et al. 2009 ) in order to search for new eclipsing systems. We also provide a full list of known detached, eclipsing white dwarf plus main-sequence / brown dwarf binaries published to date.
SAMPLE SELECTION AND DATA REDUCTION
We use the list of 3419 photometrically selected white dwarf plus main-sequence binary candidates from Rebassa-Mansergas et al. (2013a) . These were selected based on a combination of optical (SDSS) and infrared (UKIRT, 2MASS and WISE) colours. The catalogue also contains 47 spectroscopically confirmed white dwarf plus main-sequence binaries from SDSS DR 8. We select those systems with magnitudes of g < 19 and CSS coverage, resulting in a total sample of 2060 systems.
We re-reduced the raw CSS data ourselves using the method outlined in Parsons et al. (2013b) , which allowed us to more easily identify deeply eclipsing systems as well as remove any contaminated exposures. Some of our objects were completely blended with nearby stars and so we remove these from our sample. In total we had 1958 objects with good CSS photometry.
FOLLOW-UP DATA
We obtained follow-up photometry and spectroscopy for a number of our systems. In this section we outline those observations and their reduction. Unfortunately, due to limited observing time, we have been unable to obtain follow-up high-speed photometry for 3 of the new eclipsing systems. A full summary of the photometric observations is given in Table 1 .
William Herschel Telescope + ULTRACAM photometry
We observed three of our new eclipsing systems with the high speed frame-transfer camera ULTRACAM (Dhillon et al. 2007 ) mounted as a visitor instrument on the 4.2-m William Herschel Telescope (WHT) on La Palma. The observations targeted the eclipse of the white dwarf. ULTRACAM uses a triple beam setup allowing one to obtain data in three separate bands simultaneously with a deadtime between frames of only 24 milliseconds. For all of our observations we used ULTRACAM equipped with u ′ , g ′ and r ′ filters. All of these data were reduced using the ULTRACAM pipeline software (Dhillon et al. 2007 ). Debiassing, flatfielding and sky background subtraction were performed in the standard way. The source flux was determined with aperture photometry using a variable aperture, whereby the radius of the aperture is scaled according to the full width at half maximum (FWHM). Variations in observing conditions were accounted for by determining the flux relative to a comparison star in the field of view.
Liverpool Telescope + RISE photometry
We used the high speed camera RISE (Steele et al. 2008 ) on the Liverpool Telescope (LT) to observe the eclipses of five of our systems. RISE is a frame transfer CCD camera with a single wideband V+R filter and negligible deadtime between frames. The raw data are automatically run through a pipeline that debiases, removes a scaled dark frame and flat-fields the data. We used the ULTRA-CAM pipeline to perform aperture photometry on the RISE data in the same way as described in the previous section.
Thai National Telescope + ULTRASPEC photometry
Two of our eclipsing systems were observed with the high-speed ULTRASPEC camera (Dhillon et al. 2014 ) mounted on the 2.4-m Thai National Telescope (TNT), located on Doi Inthanon, Thailand. ULTRASPEC has a frame transfer EMCCD with a deadtime between exposures of 15 milliseconds. Our observations were designed to cover the white dwarf eclipses. We used the Schott KG5 filter, which is a broad filter with a central wavelength of 5075Å and FWHM of 3605Å and hence covers the u ′ , g ′ and r ′ bandpasses. We again used the ULTRACAM pipeline to reduce the data.
Isaac Newton Telescope + WFC photometry
We observed one of our new eclipsing systems with the Wide Field Camera (WFC) mounted at the prime focus of the 2.5-m Isaac Newton Telescope (INT) on La Palma. The observations were performed with the Sloan-Gunn g filter and we windowed the detector in order to reduce the read-out time to ∼2 seconds. Once again the ULTRACAM pipeline was used to reduce the data. 
NAOC Xinglong + BFOSC spectroscopy
Low-resolution spectroscopic observations of 17 targets showing variation in their light curves were performed with the 2.16-m optical telescope at the Xinglong Station of the National Astronomical Observatories, Chinese Academy of Sciences (NAOC), using the BAO Faint Object Spectrograph and Camera (BFOSC). The observations were performed in August 2014 and we covered as many close systems (both eclipsing and non-eclipsing) as were visible at the time. We used the low resolution grism-G5 with a dispersion degree of 1.99Å/mm, a spectral resolution of 2.98Å and a long-slit of width 1.8". The spectra cover the wavelength range of 5200Å-10120Å. The typical seeing varied from 1.8" to 3.0". A summary of these observations is given in Table 2 .
The spectroscopic data were reduced following the grating spectroscopy procedures provided in the PAMELA and MOLLY 1 packages. The spectra were first bias subtracted and flat-fielded, then the object spectra were optimally extracted. The wavelength calibration was performed with Fe/Ar lamps exposed at the beginning and the end of each night. The observations of spectral standard stars were used to flux calibrate and remove the telluric features from our spectra.
The spectra were substantially affected by fringing. This effect was particularly pronounced at wavelengths beyond 8000Å, therefore we only used the reliable range of 5500Å-8000Å for determining the spectral types of the main-sequence stars. Since the mainsequence stars dominate over the white dwarfs in all our spectra we are unable to place any constraints on the white dwarf parameters. We determined the spectral types of the main-sequence stars using the technique outlined in Rebassa-Mansergas et al. (2007) , these are listed in Table 3 and Table A1 with an uncertainty of ±1 class. An example fit is shown in Figure 1 Table 1 for the telescope+instrument+filter used for each observation. In the case of multiple bands we have plotted the g ′ band eclipse.
RESULTS
We search for periodic signals in each of our 1958 CSS light curves using several different period finding algorithms. We used a combination of Lomb-Scargle (Scargle 1982) and an analysis of variance period search on the light curves using a multi-harmonic model (Schwarzenberg-Czerny 1996) , as well as phase dispersion minimisation (Stellingwerf 1978) . These latter two approaches are more sensitive to shallow eclipse features. We then used these results to identify eclipsing systems, as well as any other periodically variable systems (i.e. reflection effects and ellipsoidal variations). Finally, we also used a simplified version of the Box-Fitting Least Squares method (Kovács et al. 2002) , described in more detail in Parsons et al. (2013b) 
New eclipsing systems
From our analysis we have identified a total of 17 eclipsing systems, 14 previously unknown systems and 3 systems that were already known to be eclipsing PCEBs: WD 1333+005 (Drake et al. 2010) , CSS J0314+0206 (Drake et al. 2014a ) and CSS J0935+2700 (Drake et al. 2014b) . For 11 of these 14 new systems we have obtained high-speed photometry of the eclipse of the white dwarf. We list the details of these eclipsing systems, along with all other known eclipsing white dwarf plus main-sequence / brown dwarf binaries (a total of 71) in Table A1 , in the appendix. The phasefolded CSS light curves are shown in Figure 2 and our follow-up high-speed photometry of the white dwarf eclipses are shown in Figure 3 . The majority of the new eclipsing systems show shallow eclipses (<0.5 mag) and large ellipsoidal modulation. We discuss some of the more interesting systems in more detail in Section 5.4.
Along with these new eclipsing systems, we identify three additional eclipsing WDMS candidate systems. SDSS J000925.01+334920.2, SDSS J012646.79-222630.0 and SDSS J051202.64-031900.6 all show a number of faint points in their light curves. However, none of them show any convincing periodic signals We show their CSS light curves in Figure 4 . We also identify SDSS J023311.75+064112.8 and SDSS J170007.60+153425.5 as eclipsing main-sequence plus main-sequence binaries, as revealed by the presence of deep secondary eclipses, with periods of 0.5212d and 2.0482d respectively. We show their phase-folded light curves in Figure 5 .
Non-eclipsing systems
As well as eclipsing systems we also discovered 22 objects with periodically varying light curves caused either by irradiation effects or the distorted shape of the main-sequence star, known as ellipsoidal modulation. These are detailed in Table 3 . Eight of these have previously been identified as close binaries by Drake et al. (2014a,b) , our measured periods are consistent with theirs. None of these light curves showed any obvious eclipse features. However, as noted in Parsons et al. (2013b) , systems that display large ellipsoidal amplitudes are likely to also have high inclinations. Therefore, it is likely that some of these may also be eclipsing, but the eclipse is too shal- Figure 5 . Phase-folded CSS light curves of the two newly identified eclipsing main-sequence plus main-sequence binaries. Table 3 . Non-eclipsing variables showing ellipsoidal modulation (E) or reflection effects (R). We also list the amplitude of the variation and the spectroscopically measured spectral type of the main-sequence star in the binary (with an uncertainty of ±1 class) for those with spectra. The systems highlighted in bold were previously discovered by Drake et al. (2014a low to be detected in the CSS photometry. This is demonstrated in Figure 6 , which shows a g ′ band light curve of SDSS J0745+2631, a binary that displays large ellipsoidal modulation (0.254 mags) in its CSS light curve previously discovered in the SDSS spectroscopic sample by Parsons et al. (2013b) . In that paper we were unable to confirm its eclipsing nature because the eclipse is too shallow at the wavelengths of CSS and the LT follow-up photometry that was obtained. However, as Figure 6 shows, recently obtained ULTRA-CAM g ′ band shorter wavelength data reveals the presence of a shallow eclipse, confirming that systems showing large ellipsoidal modulation are likely to have at least shallow eclipses. . High-speed ULTRACAM g ′ band light curve of the eclipsing binary SDSS J0745+2631. This system was classified as an eclipsing "candidate" system by Parsons et al. (2013b) (it was not part of our photometric sample) because no eclipse could be detected in both the CSS photometry and the LT follow-up photometry. Shorter wavelength photometry was required to confirm the eclipse, which was expected based on the large amplitude of the ellipsoidal modulation in the CSS light curve. Many of the systems listed in Table 3 show very similar CSS light curves to this system and hence could also be eclipsing.
Two of the close binaries listed in Table 3 have slightly odd light curves, which are shown in Figure 7 . In both cases there is a sinusoidal variation on half the orbital period, similar to ellipsoidal modulation, but one peak is much stronger than the other, similar to the O'Connell effect (O'Connell 1951) . This effect is often seen in PCEBs with large Roche-lobe filling factors (Gänsicke et al. 2004; Tappert et al. 2007 ), but is not usually as stable on such long timescales. This could be accomplished by having a large star spot on one side of the main-sequence star, but it would have had to have persisted for the 8 years of CSS coverage, which is extremely unlikely. Further data is needed to properly understand the nature of these systems. The unusual light curve of SDSS J222918.95+185340.2 was previously noted by Drake et al. (2014a) , as an example of a difficult to classify light curve. Figure 8 shows the colours of our newly discovered eclipsing and ellipsoidal binaries compared to the SDSS spectroscopic sample (Rebassa-Mansergas et al. 2012 ). Generally our newly discovered systems have much redder colours than the eclipsing systems from the spectroscopic sample, indicating that they contain cooler white dwarfs and/or earlier spectral type main-sequence stars, as confirmed from our spectroscopic observations and as expected from the colour selection itself (Rebassa-Mansergas et al. 2013a) . This is because the colour cut was designed to carefully select WDMS systems whilst removing as much contamination as possible. This required good 2MASS and WISE infrared data (to remove quasars), which therefore selects against very late-type M stars, since they are usually too faint to have good infrared photometry.
DISCUSSION

Comparison with the spectroscopic sample
For the spectroscopic WDMS sample ∼1/3 are thought to be close PCEBs ; Rebassa-Mansergas et al. 2011), of which ∼10% are eclipsing (Parsons et al. 2013b ). However, from our 1958 objects we only found 17 eclipsing systems, which is a much lower fraction than the spectroscopic sample (we would have expected ∼60 eclipsing systems). Assuming that the same fraction of close systems in our sample are eclipsing, this implies that the close binary fraction in the colour selected sample is only ∼10%. Even if all 21 of the ellipsoidal systems are in fact eclipsing (but not detectable in the CSS data), the fraction is still well below that of the spectroscopic sample.
There are three factors that contribute to this lower fraction. Firstly, as evidenced by our detection of 2 eclipsing mainsequence plus main-sequence binaries, the photometric sample is not pure, there is some contamination. Rebassa-Mansergas et al. (2013a) estimated that 84 per cent of the sample were very likely genuine WDMS systems, which is consistent with our finding 2 non-WDMS eclipsing systems compared to 17 WDMS eclipsers. However, even taking this contamination into account, the number of eclipsing systems is still well below that of the spectroscopic sample. Secondly, as previously noted, the colour selected sample contains systems with cooler white dwarfs and/or early Mtype main-sequence stars. Therefore, the eclipse of the white dwarf is much shallower than the majority of those in the spectroscopic sample and hence some eclipsing systems may have been missed due to their eclipses not being detected in the CSS data (see the next section). Finally, Schreiber et al. (2010) found that within the spectroscopic sample the close binary fraction drops as one moves towards earlier type M stars. They interpret this as evidence of different angular momentum loss rates for different spectral types and therefore evidence of disrupted magnetic braking, since binaries containing these partially convective stars loose angular momentum much faster than their fully convective counterparts, and hence become cataclysmic variables much faster and disappear from the sample. In fact, Schreiber et al. (2010) found that the close binary fraction of WDMS systems with main-sequence stars of M2-3 spectral type is ∼10%, hence our results are fully consistent with the spectroscopic sample, and further support the idea of a spectral type dependent angular momentum loss rate.
Completeness
In order to better understand the low PCEB fraction of the photometric WDMS sample compared to the spectroscopic one, we have simulated CRTS light curves of the expected PCEB population within the photometric sample to see what percentage of systems should be detectable from their CRTS light curves and what parameters most affect this.
This was achieved by using the u − g colour of each object to predict the temperature of the white dwarf and mainsequence star spectral type using the constraints from Figure 4 of Rebassa-Mansergas et al. (2013a) . We then used the mass-spectral type relation of Baraffe & Chabrier (1996) and mass-radius relationship of Morales et al. (2010) to determine the radius of the main-sequence star, which we consider to be the volume-averaged radius of the star.
We then randomly generated white dwarf masses and periods based on the distributions found from the spectroscopic PCEB sample (Zorotovic et al. 2011; Nebot Gómez-Morán et al. 2011) . Random inclinations were also generated. Roche distortion was then applied to the main-sequence stars and light curves generated using a code specifically designed to simulate close binaries containing white dwarfs (see Copperwheat et al. 2010 for more details on the light curve code). The light curves were sampled at the times corresponding to the CRTS observations, and with the same photo- metric uncertainties. Finally, we ran our period search algorithms on the resulting synthetic light curves and considered a PCEB successfully detected if the correct period was returned (or half the period, to account for ellipsoidal modulation systems).
The result of this simulation was that ∼13.5% of PCEBs should have been detectable from their CRTS light curves, of these ∼40% are eclipsing. The vast majority (∼95%) of the noneclipsing systems were detected from ellipsoidal variations, the rest were detected from reflection effects, consistent with the results from Table 3. Figure 9 shows the chance of detecting a PCEB (success rate) as a function of the orbital period and main-sequence star mass. It is clear that the closer to Roche-lobe filling the star is, the higher the detection probability, since this leads to larger ellipsoidal modulation. The success rate drops substantially at periods of more than 0.5 days, with essentially only eclipsing systems being detected at these longer periods, consistent with our results.
If 13.5% of PCEBs within the photometric sample are detectable from their CRTS light curves, then our discovery of 38 PCEBs would imply a total number of PCEBs in the photometric sample of ∼280, or ∼14% of the sample. This increases to ∼17% if we take into account the expected non-WDMS contamination. This is consistent with the results from the spectroscopic sample, considering the earlier spectral types within the photometric sample.
The periods of the ellipsoidal modulation systems
There is an interesting clustering of the periods in Table 3 , where 11 of the 22 systems have periods between 4-4.5 hours (0.166-0.188 days) and spectral types of mostly M2-3. This is the expected period for stars of this spectral type to fill their Rochelobes (Baraffe et al. 1998) , but is slightly shorter than the periods of cataclysmic variables (CVs) containing stars of this spectral type (Knigge et al. 2011 ), since they are driven slightly out of thermal equilibrium by mass loss. Hence these systems are most likely preCVs, right on the verge of starting mass transfer.
The high percentage of systems within this narrow period range (50% of the ellipsoidal systems) is somewhat surprising. However, given that the photometric sample appears to be dominated by main-sequence stars with M2-3 spectral types, and that ellipsoidal systems are easier to detect the closer they are to Roche- Figure 8 . Distribution of all spectroscopic WDMS binaries (grey points) in the (u − g, g − r) colour plane. Previously discovered eclipsing PCEBs are shown in green and generally contain hotter white dwarfs and late-type main-sequence stars and are hence towards the bluer end of the distribution. The 14 newly discovered eclipsing PCEBs from this paper are shown in blue and those systems we found showing large ellipsoidal modulation are shown in red. Both these distributions have redder colours than the known eclipsing systems, indicative of their cooler white dwarfs and/or earlier spectral type main-sequence stars.
lobe filling (see the previous section and Figure 9 ), this is the most likely period range in which to detect these systems. At shorter periods they have become CVs, whilst at longer periods the ellipsoidal amplitude is too low to detect within the CSS photometry.
Notes on individual systems
SDSS J101356.32+272410.6
This system is one of the handful of new DR 8 spectroscopic systems in our sample and as such has an SDSS spectrum which has been decomposed and fitted to determine the stellar parameters (see Rebassa-Mansergas et al. 2007 for a detailed explanation). The fit yields a massive white dwarf (1.14M⊙, Rebassa-Mansergas et al. 2012), which would be one of the most massive in an eclipsing PCEB. However, as noted by Parsons et al. (2013b) the white dwarf parameters determined from SDSS spectra may not be reliable if the spectrum is dominated by the main-sequence star's features. Nevertheless, our high-speed eclipse light curve (Figure 3) shows that the ingress and egress are very sharp, implying that the white dwarf is quite small and could therefore be quite massive.
SDSS J112308.40-115559.3
Like SDSS J101356.32+272410.6 this system has an SDSS spectrum which implies that the white dwarf is also massive (1.1M⊙, Rebassa-Mansergas et al. 2012) . The follow up photometry (Figure 3 ) also revealed a fairly rapid ingress and egress (hence small white dwarf) and so the high mass is possible. However, this white dwarf is also fairly cool (T eff = 10073 K), which would make it small almost regardless of the mass. Spectroscopic follow up is required to properly determine the physical parameters of the system.
SDSS J220504.51-062248.4
The spectroscopic fit to the main-sequence star in this system gives a robust spectral type of M2. However, given the period of 3.1 h we would expect such a star to fill its Roche-lobe. There is no sign of this spectroscopically and the CSS light curve shows very little out of eclipse variation, implying that the system is not close to Rochelobe filling. This also rules out an M2 subdwarf, since even with a higher density the system would still be very close to Rochelobe filling. This system was observed with ULTRACAM in the u ′ , g ′ and r ′ bands and showed that the object being eclipsed was bluer (hence hotter) than the M star, since the eclipse was deeper in the shorter wavelength bands. This, combined with the Galaxy Evolution Explorer (GALEX) magnitudes strongly imply that the eclipse is of a white dwarf by a low-mass star. However, We suspect that this system may in fact be a triple system with a white dwarf in a close, eclipsing binary with a so-far undetected low-mass star and with a wide M2 companion. Alternately, the M2 star may just lie along the line of sight to the binary.
SDSS J234035.84+185555.0
This system contains a main-sequence star of M1 spectral type, making it one of the more massive main-sequence stars in an eclipsing PCEB. Only the K2 star in V471 Tau (O'Brien et al. 2001 ) and the G5 star in KOI-3278 (Kruse & Agol 2014 ) are more massive. Stars of this mass often show strong disagreement between their measured physical parameters (e.g. radii, temperature) and theoretical predictions (López-Morales 2007) making this a useful system for investigating this issue.
CONCLUSIONS
We have combined a catalogue of photometrically selected white dwarf plus main-sequence binaries from the Sloan Digital Sky Survey with the long-term photometric data of the Catalina Sky Surveys in order to identify new close post common-envelope binaries and specifically those that are eclipsing. We have identified 17 eclipsing systems, of which 14 were previously unknown, as well as 3 candidate eclipsing systems and 22 other close binaries. We have presented follow-up photometry and spectroscopy for many of these in order to better characterise their component stars.
The newly discovered close binaries generally contain early M-type main-sequence stars, that are underrepresented in the SDSS spectroscopic white dwarf main-sequence star sample. These partially convective systems, in combination with the spectroscopic white dwarf main-sequence star sample, will offer valuable information on the angular momentum loss and evolution of close binaries as well as constraining the mass-radius relationship of white dwarfs and low-mass main-sequence stars. Table A1 . Detached, eclipsing white dwarf plus main-sequence / brown dwarf binaries. Our newly discovered systems are highlighted in bold. See Marsh et al. (2014) for an explanation of the timing system used for T0, the mid-eclipse time. References: (1) This paper, (2) Law et al. (2012) , (3) 
